Circular dimers and higher oligomers of mitochondrial DNA have previously only been described in tumor cells. This work demonstrates that such oligomers are also consistently found in a relatively high content (10-37% in weight) in nonmalignant human and beef thyroid glands. Therefore, these forms cannot be assumed to be specific for malignancy, even if they could be related to it in some instances.
In 1967, Clayton and Vinograd (1) made the important observation that the mitochondrial DNA (mt-DNA) of human leukemic leukocytes contained double-length (dimers) and multiple-length (oligomers) closed structures, as well as the catenated forms present in all tissues. This observation was extended to some other human and experimental malignancies (2-6). However, the presence of these structures is not the rule in tumor cells (reviewed in ref. 7) . The occurrence of circular dimers and oligomers has not previously been reported in mitochondria of nonmalignant cells (8) , although they have been observed in other eukaryotes (yeast and trypanosomes), bacteria (episomes), animal viruses, and bacteriophages (reviewed in ref. 7) . In this work, we show that the mt-DNA of nonmalignant thyroid cells from humans and beef contain a high proportion of circular dimers and oligomers.
MATERIAL AND METHODS
The thyroids were either frozen and kept at -70°or immediately processed after their removal. The clinical descriptions of the patients are summarized in Table 1 . The I'lI storage capacity of each human thyroid was normal, except for the adenoma of case 1. The samples were all serially examined after histological staining, and no malignant cells were observed. The thyroid of case 5 and the thyroids of the beef were histologically normal.
Mitochondria were isolated and mt-DNA was extracted as described (9) . In most cases, closed-circular molecules of mt-DNA were obtained from the lower band of a CsClethidium bromide gradient and spread on a 0.1 M ammonium acetate hypophase for electron microscopy. In some instances, mt-DNA was directly extruded from mitochondria lysed in distilled water and collected on grids after the addition of cytochrome c (100 ug/ml). The specimens were examined with a Philips EM 300. The buoyant density experiments were performed according to the procedure described by Vinograd and Hearst (10) .
RESULTS

Fig
. 1 shows some typical electron micrographs of mt-DNA molecules isolated from a human thyroid. Fig. 2 and Table 1 give the length distribution (histogram) and the frequency of each length class. mt-DNA from nonmalignant thyroids of humans, as well as from normal thyroids of beef, yields a high proportion of circular dimers; the frequency ranges from 10 to 37% by weight of the total extracted mt-DNA.
Two malignant human thyroids were also studied. The first one was actually invaded by a metastasis from a primary lung cancer. It did not yield any circular oligomers. The second one displayed the histological characteristics of a follicular differentiated epithelioma and contained 22.1% by weight of circular dimers.
We found an increased frequency of circular dimers and higher oligomers in osmotically shocked mitochondria, as compared with purified mt-DNA. For instance, in one experiment not reported in Table 1 , we scored 23% of circular dimers after osmotic shock, and only 16% in purified mt-DNA.
Therefore, the values given in Table 1 are minimal ones; there are probably more circular dimers in vivo than those after extraction. The possible cause of such variations is discussed elsewhere (7) .
The largest circular molecule measured was 24 um long (osmotic shock). Different types of branched circular molecules were seen. Fig. 1 (micrograph 5) shows a double-forked structure catenated in a trimer, found in human thyroid mt-DNA extruded from osmotically shocked mitochondria. The size of each part of this structure strongly suggests that it is a replicative form of a monomer according to Cairns' model. Such structures were very rare. To our knowledge, it is the first report on a Cairns's replicative form included in a catenated oligomer. Cairn's structures have also been described in mt-DNA by Kirschner et al. (11) . We have very seldom recorded forked circular structures with free branches.
Small loops on circular monomers and dimers were frequent. They are very probably identical to the displacement loops (D-loops) recently described by Kasamatsu et al. in mt-DNA of mouse cell lines (12) and by Arnberg et al. (13) in mtDNA of chicken liver. Our data will be reported in detail elsewhere.
The buoyant densities of human and beef mt-DNA were, respectively, p = 1.706 g/cm3 and p = 1.701 g/cm3 (Fig. 3 The main conclusion of this work is that circular dimers and oligomers occur in the mt-DNA of nonmalignant tissues. Until now, they were thought to be characteristic of malignancy, and had not been found in animal cells other than in cancer.
To complete this conclusion, it should be stressed that the existence of such oligomers in cancer cells is not a general rule.
They have neither been found in some tumors of human origin [nephroblastoma and neuroblastoma (6) , metastatic pulmonary epithelioma (this work), Burkitt lymphoma (5) , and HeLa cells (16) Table 1 ). The abscissas were normalized to the mean length of the monomeric, dimeric, and trimeric populations. N is the number of molecules measured. between the cancer process and some biochemical disturbance(s) leads to a disappointing result, even if the presence of circular dimers in mt-DNA from leukocytes of human leukemic leukemia (1, 6) still deserves much attention.
